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ABSTRACT: Trla ilottane based spreading agents are a unique class of 
surfactants that enhance spray coverage and, In many cases, incr^as-e the 
uptake of agrochemicals into plant tissue through stomatal flooding, the 
degree of uptake is closely related to the spreading ability of these 

. surfactants. Solution pH is a key influence on the performance of 
trisiioxanes. These materials undergo rapid hydrolysis at extremes in 

1 pH, and therefore show a marked decrease in spreading and uptake of 
chemicals into leaf tissue. Buffering solutions of the tri#ilo*ane 
surfactants to a neutral pH increases their hydrolytitr stability from 
hours to > 2 years. 

lTC)n90&DSi organosilicane surf actfcttt, SILHfJET surfactant, L-77, 

trisiloxane, hydrolysis, trisiloxane ethoxylate, stomatal uptake, 
spreading, spray coverage. 
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Org anoaili cone surf act arsts have been #hown to enhance the 
| 'spreading and coverage of pesticidai spray solutions on dif ficult-to-wet 
[plant surfaces relative to conventional surfactants (Safckiewiez et al. 
^ 398-8* , Some of the Key factors influencing spreading are related to the 
j low aqueous surface tension {<21 mN/m at 0.1 wt?) and the compact 
\ structure oi the trisiloxane (Ananthapadraanabhan et al> 1990) » In 
t addition* the stability and subsequent performance of these unique 
[' surfactants is strongly influenced by pH (Knoche et al, 19£1j Huzphy et 
?al. 3991) . 
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Spreading was determined by applying 10 }iL of a surfactant 
solution onto a polyester filai {IK 1175 or AF 4300; MS) and measuring 
the spread diameter after 3 0 seconds * Stock surfactant solutions were 
prepared in pH Buffer solution JpH $, $ t 7 and 10K Spreading was 
measured as a function of solution age. 

Table 1 demonstrates that 0,1 wt% solutions of SILWET L-77* 
(triailoxane ethoxylate? TSE} U buffered at pH 3, pH 5 and pH 10 show a 
reduction in spreading ability with solution age. The trisiioxane 

.-junde^goea-J^pixl^yd^ 

in spreading within the first hour. Although at pK h hydrolysis 
proceeds at a slower rate, a loss of spreading 1b observed for solutions 
with an age of greater than 8 days. 



TABLE 1— Influence of pH on spreading 
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Buffering the solution to 7 significantly increases the 
txisiloxane* s resistance to hydrolysis (Table 1 } « Even at neutral pH, 
this low concentration solution (0.1 wtS) of the trisiloicane (pH 7) will 
eventually show a reduction in spreading* For example this aame 
solution of the trisiloxane with an age of > 196 days (6«5 Months) has 
retained approximately 67% of its initial spreading (Spread 
Diameter * 31 mm vs 46 tarn) « 

Using a concentrated dispersion buffered to pH 7 increases the 
resistance to hydrolysis significantly, A 10 wt* dispersion of TSE 
containing buffer maintained over 95* of its spreading ability for > 2 
years, whereas a similar dispersion without buffer showed a significant 
loss in spreading after 8 months {< 10% of the initial spreading). 
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EFFECT OF pH OH PlAKT UPTAKE 

Trisiloaane surfactants have been shown to increase the uptake of 
chemicals into pl&nt tissue through stomatal infiltration (Stevens et 
al, 1991)* The same factors that influence spreading apply to the 
trisiloKane's ability to promote chemical uptake* 

Stomatal infiltration (uptaKe within 10 minutes of application} of 
14 C deoxyglucose {DOG) into bean leaf (Vicig fabaj was determined using 
methods previously reported by Stevens et al* (1991), Applications were 

to ensure th*t the stomata were open. The treatment solutions were rcade 
up at pH 3 f pH 5, ptf 7 and pH 10, in universal buffer (Dawaon et «1- 
1069} . Phenyl mercuric aee-tote was used at 10 iag/L to inhibit microbial 
growth* Solutions were aged in the same controlled environment uaed for , 
plant growth and treatment throughout the study (20 o C/15 0 C; day/nighty 

The effect of pH on DOG uptake was determined by applying 
solutions of increasing age of DOG containing TSE and buffer to bean 
leaf, and measuring the uptake after 10 minutes. 
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FIG , 1--Eff*ct of TSE concentration and age of "solution <pH 3) on 
stomatal infiltration* 

The effect of pH on performance is illustrated in Figure 1, where 
the uptake of tagged DOS into bean was monitored for solutions 
containing the trisiloxane. The initial treatment shows *n increase i» 
uptake, with an increase in the TSE con cent rat ion , euch that uptake from 
freshly prepared solutions increased from 45% at 0,3% *PSE to 75% at 0.5% 
TSE. However, the overall uptake of DOG decreases with increasing 
s&fliple age, as the tri si lexeme hydrolyzes at pH 3. 
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Likewise, Figure 2 demonstrate that the ability of the 
trisiloxane (0,5 %) to promote uptake of DQG is significantly diminished 
with an increase in solution age «t pH 5 And 10, Although the crate of 
hydrolysis* is not as drastic as at pH 3, the result ia the sams* The 
uptake of DOG continues to decrease with increasing solution age. As 
with spreading, this indicates a rapid hydrolysis of the trisilo^ane. 
Eventually the effects of the hydrolysis are so severe that uptake 
decline to a level similar to that observed for DOG ablutions without 
trisiloxane (Stevens et al. 1991). 
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FIG i 2— -Effect of pH and age of solution on stomatal infiltration. 



rigure Z also illustrates that treatment solutions buffered at 
pH 7 retain the ability to promote DOG uptake for an extended shelf* life 
period. 

Both spreading and uptake of DOG ace significantly influenced by 
the pH environment of the treatment solution. This also suggests that 
the spreading ability of the trisiloxane and the uptake of the DOG are 
closely related (Compare with Table 

This slow hydrolysis of trisilo*ane ethoaylate solutions and 
dispersions, especially at higher concentration/ and under neutral pH, 
offers an effective method for incorporating these products in 
pesticidal formulations f with improved shelf life. 
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The spreading efficiency of triailoxane surfactant© is reduced 
■under acidic (pH 3, pH 5) or alkaline conditions (pH while 
spreading is maintained stfc pH 7. 

Stomatal infiltration increases with an increase in the 
t£isilo*ane concentration, as measured by -^c DOG uptake into bean at lfl 
minutes after application. 

Uptake of DOG declined with increasing solution age at pH 3, pB 5 




!The scftteous" $ tabi 2 ity, and subsequent spreading and uptake are 
srigniiioantly influenced by the pft environment of the treatment 
Solution, and appear to be related. 
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